In recent years, several hypotheses have emerged to explain the toxicologic activity of particulate matter. Organic compounds, ultrafine partides, biologic components, and transition metals are some of the constituents that reportedly exert some type of adverse effct on human health. A considerable fraction of the urban particulate matter consists of carbon compounds, which originate mostly from anthropogenic sources. The toxicity of organic fractions from particulate matter have been mainly evaluated by considering their mutagenic activity. This research expands on the toxicologic profile of organic compounds adsorbed to particulate matter, specifically in Puerto Rico, by using the cytotoxic neutral red bioassay (NRB). The NRB uses normal hun epidermal keratinocytes or other ypes ofcels to measure the effect on cell viability when eTosed to organic compounds associated to the partides in the air. We validated the NRB for particulate matter by using a standard reference material (SRM 1649). We used the NRB to detere toxicologic differences of extracts between an urban industrialized site with anthropogenic activity versus a coastal region with less human activity. The cytotoxicity associated with organic compounds in particulate matter collected at the urban industrialized site was detected in both the partculate matter c 10 pm in aerodynamic diameter (PM10) and particulate matter < 100 pm in aerodynamic diameter (PMl,,). Greater toxic effect were observed in PM10 extacts than in PMIOO extracts, but PMIO toxic effects were not significantly different from those in PM 1 . The extracts from the industrialized site were more cytotoxic than the extacts from coastal reference site, although in the summer, extrcts from both sites were significantly ctotoxic to normal human epidermal keratinocytes. In addition, the nonpolr extracts of both PM10 and PM1i exerted the greatest cytotoxicity, followed by the polar, and, finally, the moderately polar extract. This study demonstrates that cxtracts from the Guaynabo indalized site were more toxic than similar etracts obtained firom a reference coastal site in Fajardo, Puerto Rico.
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Environ Health Peect 108: 635-640 (2000) . [Online 1 June 2000] hb:/Xehpnetl.niehs.ni ogovldoci2000/1 08p635-6Orqyes/abstract.htmI Air pollution in Latin American and Caribbean countries has been a major environmental health issue for people living in metropolitan areas. These health issues arise as a consequence of urban development, population growth, and industrialization. Epidemiologic studies suggesting airborne particulate matter as one of the principal causes of respiratory illnesses (1,X, cardiovascular disease mortality (3, 4) , acute bronchitis (5, 6) , and asthma attacks (7) (8) (9) have been controversial (10) . The differences center on the meta-analysis performed on data from U.S. cities, London, and Athens, Greece. However, other meta-analytical studies recently showed that a relationship between air pollutants and health does exist after adjustment for numerous variables (11) (12) (13) .
Several hypotheses from these epidemiologic data attribute health effects to active toxicologic components of particulate matter. These hypotheses have focused on identifying components of particulate matter responsible for the observed health problems. The factors suggested to cause these health effects are the associated organic components (14-17); ultrafine particle constituents (18) ; the presence of biologic material (19) ; and the transition metal content of particulate matter (20) .
The organic fraction of urban airborne particulate matter has been evaluated with regard to the mutagenic and genotoxic activity of the compounds found in the various extracts. Results from this research indicate that semipolar and polar fractions exhibit the greatest toxicologic activity using the Ames test (15) (16) (17) , sister chromatid exchange assay (17) , and a human cell mutagenic assay (14) . Organic compounds such as polyaromatic hydrocarbons (PAHs), substituted aromatic hydrocarbons, and heterocyclic aromatic compounds have been targeted for these assays. A more recent study showed evidence that biologically effective amounts of PAH compounds associated to particulate matter were transferred to the intracellular environment and elicited the activation of various genes (21) . Previous studies have demonstrated with great detail the activation of the aryl hydrocarbon receptor by tetrachlorodibenzo-p-dioxin (22) . The activation of specific genes by organic pollutants is an area of great interest and future development.
Ultrafine particles < 0.10 pm in diameter could cause an acute inflammatory reaction as measured by lung lavage parameters in rats (18) . Researchers have demonstrated an increase in pulmonary toxicity with exposure to ultrafine particles and a correlation with the surface area of the retained particles rather than their mass, volume, or numbers.
Another possible source of toxicity by particulate matter is biologic components such as aeroallergens, which have been associated with asthma-related mortality (19) . An epidemiologic study showed that during [1985] [1986] [1987] [1988] [1989] in Chicago, the asthma-related deaths were associated with high mold spore counts. The death rate was 2.16 times higher than the death rates related to asthma at levels < 1,000 spores/mi3.
Finally, the metal portion of particulate matter, specifically the elements iron, nickel, and vanadium, causes pulmonary toxicity (20) . Lung injury interactions were observed among these metals when tested as mixtures. The toxicity of metals can also be potentiated and enhanced by other factors such as organic material that can induce inflammation in the lungs of rodents (23) . All of the aforementioned studies lead to the unified hypothesis that the toxicity of airborne particulate matter is multifactorial and is influenced by the nature and origin ofthe partides.
Epidemiologic data gathered from an urban area in Puerto Rico (Guaynabo) revealed that approximately 30% of children 13-14 years of age and > 40% of children 6-7 years of age suffer from asthma (24 (35, 43, 45, 47) , human fibroblast cells (43, 45, 47) , human kidney cells, human endothelial cells, and human renal carcinoma cells (4?), among others.
The results presented here encompass the toxicity of extracts obtained from two sites (Guaynabo and Fajardo) that contain low anthropogenic inputs of airborne particulate matter. This work is the first step to evaluate the toxicity of organic constituents from airborne particulate matter at two specific sites, and represents the first study of this nature in Puerto Rico. It approaches the characterization of toxicity of organic extract constituents based on differences in polarity using a cytotoxicity assay. The cytotoxicity of the extracts was seasonally dependent; summer components were the most toxic. Through this approach we conclude that extracts from the Guaynabo site are more toxic to human cells than those obtained from the Fajardo site.
Materials and Methods
Sampling procedure. Airborne (50) . Although our data identify the summer as containing the highest levels of particulate matter, the PMIO concentrations at both sites did not exceed the maximum daily permissible limit established by the EQB (50 pg/m3) (51) . However, the levels of PM1OO
for Guaynabo exceeded the maximum concentration of 150 pg/m3 (secondary standard established to protect public welfare). The second highest concentration of particulate matter among the seasons was observed during the fall, followed by winter and spring. Thus, the trend observed in this study for levels of particulate matter for both PM1O and PM1OO in Puerto Rico followed the order: summer > fall > winter = spring ( Figure 3 ).
When these two sites in Puerto Rico are compared between themselves, we observe similar PM1O values between the urban and coastal site. Furthermore, PM1OO concentrations from Fajardo were always lower than those from Guaynabo. Hence, the major profile of particles at the urban site is between 10 and 100 pm ( Figure 3 (28) . Furthermore, the mutagenic activity of the reference material was 3-4 times higher than that of airborne partides collected from a New Jersey site (27) . These data provide evidence that moderately polar and polar fractions from urban dust (SRM 1649) contain mutagenic organic compounds. However, the cytotoxicity of these fractions has not been reported for human cells. Thus, it is important to establish the cytotoxicity of this material using human cells to establish a reference point to compare its relative toxicity, because other deleterious and toxic effects can develop through mechanisms not associated with mutagenicity. Cytotoxicity results of the urban dust SRM 1649 using the NRUB are illustrated in Figure 4 .
The SRM 1649 extracts showed the greatest effect in the nonpolar fraction (hexane; NR50 = 5.4 ± 0.2 pg/mL), followed by an equal toxicity in the moderately polar (DCM; NR50 = 40 ± 2 pg/mL) and polar (acetone; NR50 = 43 ± 10 pg/mL) extracts. The similarity in toxicity between DCM and acetone extracts follows the same pattern observed with the mutagenic tests previously reported for this material (28) . The increase in toxicity of the nonpolar extract can be explained by the formation of toxic metabolites of organic compounds inherent in this reference material. This is supported by the fact that human cells (primary keratinocytes) contain detoxification enzymes such as cytochrome P450s that are responsible for the metabolism of many foreign compounds (55) . A previous study performed by Clonetics (56) using 52 petrochemical agents of different nature (lube oil additives, gasoline additives, polybutylene, solventrefined paraffinic petroleum oil, and various metal-working fluids) suggested a direct relationship between the Draize score (in vivo eye irritation assay) and the NR50 using the NRUB. The Clonetics study showed that NR50 values > 150 pg/mL were nontoxic. Using this threshold, all three SRM 1649 extracts can be considered highly cytotoxic. Finally, we determined that the cytotoxicity was seasonal dependent; summer was the most toxic season at both sites studied. This work supports the hypothesis put forth by others that organic constituents adsorbed to particulate matter (particularly those of lower particle size) can contribute to the toxicity of airborne particulate matter. This work is the first report linking a regional and seasonal variation in an urban site as compared to a less-polluted site in Puerto Rico. We will attempt to isolate and identify strongly cytotoxic compounds from summer samples collected at Guaynabo-specifically from nonpolar and polar extracts. We also plan to evaluate heavy metal components in these extracts at Fajardo.
